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© Solid state hydroxylation of rubbers. 

® The present invention relates to a process for preparing hydroxylated rubber by reacting (a) a rubber having 
from about 5 to about 75 percent of a 1,2-double bond content with (b) a mercaptan of the formula: 



OH 
I 



HS-CH^-CH-fCH^^ — CHo 
^ z n J 



wherein n is an integer of from 3 to 19; and wherein the reaction is conducted in the solid state and is catalyzed 
by a free radical catalyst. 
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Background of the Invention 



Hydroxylated rubbers, for example, hydroxytated polybutadiene are known to improve the properties of 
silica filled mixtures. For example, in GB 1,575,115 there is disclosed a process for the production of a 

5 hydroxy-modified polybutadiene involving reacting a polybutadiene having a vinyl double bond content of 
from 30 to 60 percent with a hydroxy-mercaptan compound. Examples of suitable mercaptans disclosed in 
this reference Include 2-mercaptoethanol. 2-mercapto-2-propanol. 1-phenyl-2-mercaptoethanol, 3-mercapto- 
propanol and 4-mercaptobutanol. The process is carried out in an inert solvent, 2.3-9.0 parts by weight per 
part of polybutadiene, and is initiated by a free radical catalyst such as azobisisobutyronitrile (AIBN). The 

10 AIBN catalyzed reaction of 2-mercaptoethanol with polybutadiene in an inert solvent has, in fact, been 
known for many years (C.S. Marvel. K.G. Clarke. H.K. Insktp, W.K. Taft and B.C. Labbe, Industrial and 
Engineering Chemistry. Volume 45. No. 9. pp. 2090-2093 (1953)). 

In these prior art processes, the use of relatively targe amounts of solvent has practical disadvantages, 
including the need for large volume reactors, as well as auxiliary equipment for the separation and 

75 purification of the solvent. Solvent recovery generally requires a distillation step, contributing substantially to 
energy costs. Furthermore, relatively long reaction times, 2 hours or more, are employed in these solvent- 
based processes thus limiting production efficiency. Therefore, there exists a need for a process for the 
efficient hydroxylation of vinyl-containing rubbers which avoids the disadvantages of the prior art. 

20 Summary of the Invention 



The present invention relates to the solid state (solventless) hydroxylation of vinyl-containing rubbers. 
The process consists of the direct reaction of higher molecular weight, less volatile hydroxymercaptans with 
the rubbers in a mixer-kneader such as a Banbury mixer or extruder. Such a process avoids the prior art 
25 disadvantages associated with solvent handling, long reaction times and the use of hydroxymercaptan 
having high volatility, stench and toxicity. 

Detailed Description of the Invention 



30 The present invention relates to a process for preparing a hydroxylated rubber comprising reacting (a) a 
rubber having from about 5 to about 75 percent of a 1 ,2-double bond (vinyl) content with (b) a mercaptan of 
the formula: 



OH 

HS-CH^-CH-fCH.^ CH^ 
z z n J 



40 wherein n is an integer of from 3 to about 19; and wherein the reaction is conducted in the solid state and is 
catalyzed by a free radical catalyst. 

Mercaptans of the above formula may be used to modify vinyl containing rubbers in accordance with 
the present invention. Preferably, n in the above formula is an integer of from about 3 to about 15. 
Representative of the mercaptans include 2-hydroxy-hexanethiol, 2-hydroxy-heptanethiol, 2-hydroxy-oc- 

45 tanethiol, 2-hydroxy-nonanethiol, 2-hydroxy-decanethiol, 2-hydroxy-undecanethiol, 2-hydroxyl-dodecanethiol, 
2-hydroxy-tridecanethiol, 2-hydroxy-tetradecanethiol. 2-hydroxy-pentadecanethioi. 2-hydroxy-hex- 
adecanethiol, 2-hydroxy-heptadecanethiol, 2-hydroxy-octadecanethiol, 2-hydroxy-nonadecanethiol, 2- 
hydroxy-eicosanethiol. 2-hydroxy-heneicosanethiol, and 2-hydroxy-docosanethiot. These hydroxy mercap- 
tans may be prepared in accordance with the established methods known to those skilled in the art wherein 

50 a 1 -olefin is first epoxidized with e.g. hydrogen peroxide (C. Venturetio and R D'Aloisio, Journal of Organic 
Chemistry, Volume 53, pp. 1553-1557 (1988)). The resulting 1,2-epoxide is then reacted with hydrogen 
sulfide to produce the hydroxy mercaptan (W. Umbach, R. Mehren, and W. Stein, Fette. Seifen, Anstrichm 
Volume 71. pp. 199-203 and 1014-1015 (1969)). The preferred mercaptans are 2-hydroxyoctanethiol, 2- 
hydroxydecanethiol, 2-hydroxydodecanthiol, 2-hydroxytetradecanethiol, and 2-hydroxyhexadecanethiol. 

55 The rubbers which may be modified by the process of the present invention are characterized by 
having a 1,2-double bond content, also referred to as vinyl content of from about 5 to about 75 percent. 
Preferably, the rubber has a 1,2-double bond content ranging from about 10 to 55 percent. Suitable rubbers 
are essentially C4-Cs conjugated diolefin polymers and copolymers of C4-C6 conjugated diolefins and at 

2 
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least one other copolymerizable vinyl or vinylidene-containing monomer. Examples °* such suitable 
Dolvmers include pcJybutadiene and butadiene-styrene polymers. The rubbers wh.ch may be rnod.f.ed by 
KeTent p^cess are solid high molecular weight materials, having Mooney viscosit.es w.th.n the range of 
rom abou (^^^^^ - 4 at lOQ-Q 30 to about 150. A particularly preferred rubber is known to those k,ned 

5 He art as a medium vinyl polybutadiene having from about 30 to about 55 percent vmyl content^ The 
medium Vinyl polybutadiene typically has about 10 to about 40 percent of monomer un.ts m a as-1,^ 
confirration and after allowing for the vinyl content, i.e., 1,2-monomer configuration the remainder of the 
oSer s conJdered to be in the trans 1 ,4-configuration. A particularly preferred medium vinyl poly- 
bSene hasTo to 40 percent of its monomer units in a cis-1 .4-configuration. 30 to 55 percent of its units 

,0 in a 1 2 conrguration and the remaining percentage of its monomer units in a trans-1 ,4-conf.guration. Such 
oreferid r^edium vinyl polybutadiene may be prepared by polymerizing 1 .3-butadiene with a very small 
Lounf of dilylbenzene I a hydrocarbon solvent system, preferably in essentially non-polar aprotic 
sZn w th aTa kyllithium catalyst, and one or more polar catalyst modifiers to effect the PO'V^er s v.nyl 
^0x1 For further details concerning medium vinyl polybutadiene and its method of prepara^.n. reference 
mav be made to U S Patent No. 4,230,841 which is hereby incorporated by reference in its entirety^ 

\he amount of ..ercaptan needed to modify a given rubber depends upon a number o factors 
includino me specific nature of the rubber being modified, the characteristics desired for the final 
u a zL an^the molecular weight of the mercaptan. As a general rule, from about ^ to ab°u^10 p r 
(parts per hundred parts of rubber) of the mercaptan will be utilized. In most cases, it will be preferred o 

20 uwS from about 3 to about 7 phr of the mercaptan. As a general rule, the molar ratio of mercaptan to 

" aLSed ttes in the polymer will be within the range of from about 1^^^^ 

preferably in the range of from about 0.05:1 to about 0.12:1 and more preferably from about 0.05.1 to about 

° '°The reaction between the rubber and the mercaptan is catalyzed by a free radical catalyst. Represente- 
es five of the conventional free radical catalysts that may be used include alkyi hydroperoxides, d.alkyi 
Seroxides acyl peroxides or azonitriies. Specific examples of suitable catalysts are t-buty hydroperoxide, p- 
menthanJ hv^^^^^^ di-t-butyl peroxide, di-cumyl peroxide, lauoryl peroxide, t-butyl perbenzoate, 1.1 - 

ToSyc^fhex^^^^^^^^^^ and azobisisobutyronitrile (AlBN). AlBN is the preferred catalyst^ As one 

Smedin the art can appreciate, the level of catalyst may vary depending on the amount of reactants and 
30 me par^ilr catalyst that is used. Generally speaking, the amount of catalyst relative to hydroxythiol wM 
rangetom about 0 5 to about 20 weight percent with a range of from about 2 to about 10 weight percent 

''^'TeloIIJ^'state reaction of the process of the present invention will be preferably carried out in an 
mixer-kneader sul as a Banbury mixer or an extruder. Such modifications are carried out by simply mixing 
35 Z a^TcaZn t^^^^ the rubber being modified. Such modifications are normally conducted at a 
tfmperre which is'in a range of from about eo'C to about les^a It is generally preferable for. ^^^^^^ 
Idification procedures to be carried out at a temperature which s within the range of from about 80 C to 
Tou 570 with temperatures within the range of from about 80' C to about 135 C "^-"Q P^^^^^^^^^^ 

The level of modification of the rubber with the hydroxy mercaptan can var,. For examp^^ the e e, of 
40 bound OH in moles per kilogram of modified rubber may range from about 0.02 to about 0.50. Preferably. 
thP level of bound OH ranges from about 0.05 mole per kilogram to about 0.40. . . 

T^e billowing exampL are presented for the purpose of illustrating and not limiting the present 

invention. 
45 Examples 1-15 

In these examples, a series of a 235 gram samples of a solution medium vinyl polybutadiene (45% 1 .2- 
butadiene/55; l.^-buiadiene. Tg = -64' C). and a solution medium vinyl styrene f^^--^^^^^^^^ 
1 2-butadiene/47% 1 .4-butadiene/1 0% styrene, Tg = -44 C) were modified in the solid state ^ 

50 IddUion 0^2-hydroxy-decanethiol (HDT). The solid state modifications were earned out in a Brabender Prep 
Se 420 cc) equipped with cam blades and a ram drilled to permit nitrogen purging. The -^^^ 
powered by a micropracessor controlled drive unit (Model PLD-651) which recorded torque and tempera- 
url when'used. nitrogen was introduced at a rapid rate throughout the ^^^^ ^ ^^^^^^^^^ 
azobisisobutyronitrile (AlBN) addition. The mixing procedure involved adding the 235 grams of the base 

55 ToWmer and mixing until the torque had just passed its initial peak. Then HDT was added portionw.se over 
abouT T n^^nuTe. flwed quicklj by the addition of the 0.5 grams of the AlBN. After the desired m.^^^^^^ 
time, the modified polybutadiene was discharged and air cooled at room temperature. The samples for 
analysis were acetone extracted and dried. 
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The results of the solid state additions are summarized in Table I below. The extent of modification 
expressed as moles of bound HOT per kilogram of modified polymer was determined from elemental 
analysis for sulfur. 
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Examples 16-22 

In these examples, Cariflex® S-1215 (37% 1 ,2-butadiene. 40% 1 ,4-butadiene, 23% styrene) was 
modified by addition of 2-hydroxydecanth(Ol (HDT). Cariflex® S-1215 was commercially available from Shell 

5 Chemical Company. The solid state modifications were carried out in a Brabender Prep Mixer (420 cc) 
equipped with cam bladed rotors and a ram closure. The ram was drilled to permit a nitrogen stream to exit 
at its bottom face, and was fitted with extra weights to exert an effective toad of 22 Kg. The drive unit was a 
5 hp Brabender Type EPL-V5501 Electronic Plastic-Corder. A Haake Model N3-B circulator supplied 
thermostatted oil to the mixer. Mixing torque and bow! temperature were logged. 

10 The general procedure for reactive mixing involved starting the nitrogen purge, adding the vinyl 
containing rubber, warming to the desired temperature, then adding the HDT and AIBN. After all ingredients 
were added, mixing was continued through the "Reactive Mix Period (Table II). Variations in oil circulator 
temperature (50-60° C) and rotor speed (30-50 rpm) were employed in the individual examples, primarily to 
control the temperature profile during the reactive mix period. 

75 The results in Table II illustrate that, in some cases, attempts to increase percent conversion by 
employing higher reactive mixing temperatures, longer reaction times, or higher catalyst levels can produce 
a gelled product. As those skilled in the art will recognize, such conditions are to be avoided since high 
levels of gel render the rubber difficult or impossible to process in subsequent manufacturing operations. 
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Examples 23-25 

These examples, listed in Table 111, illustrate the reactions of different 2-hydroxyalkanethiols with 
Solflex® 1216, a medium vinyl SBR (having a vinyl content of 45%), Solflex® 1216 is commercially 
available from The Goodyear Tire & Rubber Company. The general procedure was as described for 
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Examples 16-22, except no nitrogen purge was used. 
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Table III 
Modification of Solflex® 1216 
with 2 "hydroxyalkane thiols 



Reactive Mix Bound OH, 

Example Thiol, g Time, min. Temp, mol/kg 

23 2-hydroxy. 15 119-156 0.25 

octanethiol, 19 
2A 2.hydroxy- 15 121-155 0.24 

decanethiol , 22 
25 2-hydroxy- 15 118-156 0.2A 

dodecane thiol, 25 

(a) Common parameters; 259 g Solflex® 1216, 0.55 g 
AIBN, 50 rpm 

(b) Calculated from Z S analysis 



Examples 26-29 



These examples (Table IV) illustrate the modification of rubbers having widely different 1,2-double bond 
contents. The general procedure was as described for Examples 16-22. 
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55 Claims 



A process for preparing hydroxylated rubber comprising reacting (a) a rubber having from about 5 to 
about 75 percent of a 1,2-double bond content with (b) a mercaptan of the formula: 
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OH 

HS-CH^-CH^CH^^ CH^ 
Z z n J 



wherein n is an integer of from 3 to 19; and wherein the reaction is conducted in the solid state and 
catalyzed by a free radical catalyst. 

10 2. The process of clainn 1 characterized in that said rubber has a 1 ,2-double bond content ranging from 
about 10 to about 55 percent. 

3. The process of claim 1 characterized in that said rubber is medium vinyl polybutadiene having 10 to 40 
percent of its monomer units in a cis-1 ,4-configuration, 30 to 55 percent of its monomer units in a 1 ,2- 

75 configuration and the remaining percentage of its monomer units in a trans-1 ,4-configuration. 

4. The process of claim 1 characterized in that the molar ratio of said mercaptan to 1 ,2-double bonds in 
the rubber ranges from about 0.05:1 to about 0.15:1. 

20 5. The process of claim 1 characterized in that the reaction is conducted at a temperature ranging from 
about 60 ' C to about 1 65 ' C. 

6. The process of claim 1 characterized in that n is an integer of from about 3 to 15. 

25 7. The process of claim 1 characterized in that the free radical catalyst is selected from the group 
consisting of alky! hydroperoxides, dialkyi peroxides, acyl peroxides or azonitriles. 

8. The process of claim 7 characterized in that said free radical catalyst is selected from the group 
consisting of t-butyl hydroperoxide, p-menthane hydroperoxide, di-t-butyl peroxide, dicumyl peroxide, 

30 lauoryl peroxide, t-butyl perbenzoate and 1,1'-azobis(cyc!o- hexanecarbonitrile). 

9. The process of claim 7 characterized in that said azo compound is azobisisobutyronitrile. 

10. The process of claim 1 characterized in that said free radical catalyst is present in an amount ranging 
35 from about 0.5 to 20 weight percent based on the weight of the hydroxythiol. 
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